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COMPARATIVE STATISTICAL STUDIES OF EPIDEMICS
OF POLIOMYELITIS IN AND ABOUT THE
CITY.OF NEW HAVEN, 1916-1943*
HERBERT A. WENNER
During the past thirty years the city of New Haven and adjacent
towns have experienced four outbreaks of poliomyelitis. Three of
these outbreaks have been extensive; inthe other, the cases reported
were fewer but there were definitely more than is the usual expe-
rience in inter-epidemic years. In 1932 Paul, Trask, and Salinger'
published data relating to two of these poliomyelitis epidemics which
occurred in New Haven in 1916 and in 1931. In the present report
two subsequent epidemics (1935 and 1943) have been studied and
added to the data assembled by Paul et al. in 1932.
The purpose of this report is (a) to study the geographical dis-
tribution of cases within this city and adjacent towns during this
30-year period; (b) to look for any sections of the city and its
suburban towns which may have been attacked more consistently, and
therefore more severely than others; and (c) tocompare the seasonal
and age distribution of cases occurring in these epidemics during this
same period.
Materil and methods
New Haven. The city of New Haven covers 14,367 acres (22.4
square miles), of which 80 per cent is land area. In 1931 about seven-
tenths olf the land area were residential. The remaining three-tenths were
devoted to industry, business, railroad property, and Yale University. Fig. 1
illustrates the use of land for residential and non-residential purposes in 1931.2t
There are now 33 wards in the city. Prior to 1920 there were 15 wards
covering the same acreage. In 1921, 33 wards were set up. These new
* From the Section of Preventive Medicine, Yale University School of Medicine.
Aided by a grant from the National Foundation for Infantile Paralysis, Inc.
Dr. J. W. Watkins, Department of Public Health, Yale University, has reviewed
this paper, and we have benefited by his criticism.
tThis map is from Dreis' monograph.2 Source: Southern New England
Telephone Company, and the Engineering Department, New York, New Haven,
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wards represent divisions of old wards, the boundaries of the old wards for
the most part remaining unchanged, and it is therefore possible to compare
the older divisions with the new. Today the wards vary in size from 85
to 1315 acres. In
1930,* the ward
'populations ranged
between 1513 and
8983 pe-ople, with
a mean of 4900
people per ward.
Population data.
The population of
New Haven was
4 / about 163,000 in
1930. The total
population has not
changedgreatlydur-
ing the last twenty
years. The child
population (under15
Wm t g / years of age) has
steadily diminished
^ _31 rX B EH however. In 1943
there were roughly
wcw _vc/ 30 per cent fewer
LAMbS children than in
MimDws,rPF^%&s auso,s 1920. These data
A UPVC"TV O TV appear in table 1.
The composition
FIG. 1. Use of lands in the City of New Haven, 1931. of the population has
Legends for surrounding towns: also been changing
WB = WoodbrieHge invariouswardsdur-
H = Hamden
NH = North Haven ing the perod under
EH = East Haven survey. Between
1920 and 1930, for
example, the population fell in 8 wards; of these 8 wards 4 lost
juvenile members disproportionately, whereas the remaining 4 lost a
greater proportion of adults. During this period the juvenile population
*The year 1930 was chosen because it is a point midway in the period during
which the epidemics occurred. Population changes are recorded in tables I and
2. The population in the city and in the adjacent towns grew continuously;
however, growth was more rapid in the adjacent towns.POLIOMYELITIS IN NEW HAVEN, 1916-1943
increased (by 35 per cent) in 5 suburban wards. Between 1930 and 1940,
because of lowering of the birth rates, the total juvenile population was
reduced (about 25 ,.
per cent) in all
wards. The greatest 0 *S45
concentration of ju- * * -
venile members in MN
the population oc- *
curred inwardscen- *w * A 4 *g
trally located in the
city(Fig.2). The*
sutburban areas had g *
fewer children and r.7
less crowding.
The distribution ,
of th-e juvenile popu-
lation in the 33
wards of New POP7256
Haven and sur- I
rounding towns in W /
1930 appears in
W
Fig. 2. EH
Statistics on pol- /
140
iomyetitis. Data on /
1-E-GND: the reported cases of :ON10 :OL Q:14
poliomyelitis for the Wm-ST HAVE
epidemicyears 1916, NH MAYEN
1931, 1935, and *0 _-O
1943 were obtained o
- Y# W G CS
from the records of FIG. 2. Ward inap of New Haven showing tlhe density of the juvenile population (birth to 15 years of age) in 1930. The the NewHavenCitv juvenile population in surrounding towns is stated numericaly.
Board of Health.*
TABLE 1
ENUMERATED* POPULATION, CITY OF NEW HAVEN
Year Total Under 15 years
1920 162,537 48,894
1930 162,655 44,537
1940 160,650 33,084
* U. S. Bureau of the Census
* We are indebted to Drs. Joseph Linde and D. M. Lewis of the Department
of Health, City of New Haven, for the privilege of examining the records of their
department.
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Cases from West Haven, Hamden, North Haven, and East Haven which
were reported to the State Department of Health* have been included. Most
of these cases have been patients in the New Haven Hospital.
As stated above, four e4pidemics of poliomyelitis occurred in and about
the city of New Haven during the past thirty years. The reported cases
that occurred in the State of Connecticut, the city of New Haven, and in
adjacent towns during the period (1916-1943) appear in table 2.
It is clear that the urban epidemics of poliomyelitis in New Haven have
been a part of the state-wide outbreaks of this disease which occurred during
these years. The year 1943 was somewhat exceptional. During that out-
break almost half the reported cases in the state occurred in and aboult New
Haven. On the average, 8 to 15 cases have been reported annually in and
about New Haven, and 60 has been the mean number of annual cases
(1917-1935) for the State.
Attack rates. Attack rates for the city wards are based on cases of polio-
myelitis per thousand individuals less than 15 years of age residing in each
ward of New Haven, and in adjacent towns.
In comparing attack rates in city wards and in adjacent towns it should
'be pointed out that the population is somewhat fluid during the summer
months -because many people in and about New Haven take up temporary
residence on the shore fronts. Paul et al.9 in their previous study obtained
estimates that the population of West Haven increased by 14 per cent during
the summer and of East Haven by 10 per cent, but thought it likely that the
population immediately adjacent to the shore fronts in these towns dioubled
or even tripled during July and August. This variable introduces a point
of confusion in placing the probable site of contact with virus, if geographic
attack rates can be looked upon remotely as a reflection of origin as well as
seat of the disease.
Criteria for diagnosis of poliomyelitis. The morbidity rates for polio-
myelitis appear to have changed little for New Haven prqper. The mortality
rates (table 2), on the other hand, indicate that (1) fewer individuals die
with this disease in recent outbreaks, or (2) mild, non-paralytic cases and
paralyzed cases with involvement of few muscle groups are diagnosed more
frequently than heretofore. The inclusion of more and more of these latter
types of illnesses would lower the mortality rate, which in 1916 really
represented an expression of the ratio of persons succumbing as a result of
paralytic poliomyelitis.
We have attempted to define the ratio of abortive, non-paralytic, and
paralytic cases in the epidemics under consideration. The data do not lend
* We are also indebted to Dr. Millard Knowlton, Director, Bureau of Prevent-
able Disease, State Department of Health, Hartford, Connecticut, for providing us
with the recorded cases of poliomyelitis listed for towns adjacent to the City of
New Haven.
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O LESS THAN 1.0 O1.1-3.0 M3.1-5.0 5.1-7.0 OVER 7.0
FIG. 3. Attack rates in the juvenile population (birth to 15 years) for various wards in
the City of New Haven, and for surrounding towns, in the 1916, 1931, 1935, and 1943
epidemics of poliomyeitis.
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themselves to such an analysis. Nevertheless, we believe that more mild
cases are included in the cases reported since about 1930.
Results
Comparative attack rates. Attack rates for poliomyelitis
occurring in the juvenile population (i. e., under 15 years of age) in
each ward of the city of New Haven, and in adjacent towns have
been computed for the epidemic years of 1916, 1931, 1935, and
1943. These rates have been charted graphically in Fig. 3.
The attack rates have varied considerably in different geographi-
cal areas during the epidemics in survey, but it is not evident
statistically that their differences, which are shown in Fig. 3, are due
to anything other than chance.
In 1916 high rates were observed in suburban areas located on
the eastern shore district of the harbor.
In 1931 wards located on the periphery of the city again expe-
rienced high attack rates. Wards 3 and 15 experienced higher rates
(7.2 and 9.1) than did other wards (mean rate 3.7). The rural
town of Woodbridge had 4 cases among 500 children. The town of
East Haven, suburban and largely rural, reported 20 cases among
2600 children.
In 1935 the distribution of reported cases was fairly uniform in
city wards and in adjacent towns. The eastern shore wards escaped
the high incidence of poliomyelitis which occurred there in 1916 and
to a lesser extent in 1931. The attack rates averaged 1.14 per
thousand children per city ward. This outbreak was mild. There
were no deaths, and few individuals were permanently crippled.
In 1943 wards located on the periphery of the city experienced
high attack rates. Wards 2, 16, and 28 had higher rates than did
other wards, the rates for these wards being 10.6, 7.2, and 8.3 per
thousand children, as compared with an average rate of 2.8. In
general, it maybestated that acomparison ofthewards most severely
attacked in 1931 and in 1943 indicates that there is a tendency for
different, although adjacent, wards to bear high rates in different
outbreaks. The town ofWoodbridge (population stated above) had
6 cases; other adjacent towns had relatively low rates (0.85 to 3.85
per thousand children).
It is evident in Fig. 3 that not all wards experienced this disease
during any single outbreak. Poliomyelitis was not reported from
ward 21 during 3 outbreaks. In 1916 and 1931 people in two wards
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apparently had no recognized poliomyelitis. In 1935 there were 12,
and in 1943, 6 wards which did not report cases. However, during
the experience of 4 outbreaks not a single ward escaped this disease.
At the upper end of the scale, in areas under survey, high rates
occur, with few exceptions, in wards located on the periphery of the
city and in several of the adjacent towns. This is related somewhat
inversely to the concentration of the juvenile population.
It is evident that attack rates may vary in twodirections, namely,
(a) during a single epidemic period rates vary in different wards,
and (b) rates in the same ward vary widely in different epidemics.
A few wards and
adjacent townsexpe-
rienced attack rates
beyond those ex-
pected to occur. It
hasnotbeenpossible,
however, to show
that any one ward
or area is more fre-
quently or more
severely involved
during each of the
four epidemics
which occurred over
a twenty-seven year
period. This state-
// / X/// ment is based on
/1////,/o mean rates com-
puted for each ward
in reviewing the ex-
MEAN RATE i% perience with polio- COVERING 4 EPIDEMIC myelitis during four
YEARS 1916-1943 durin _ _ ~~~epidemic yiears.
FIG. 4. Illustrating the mean attack rate per thousand These rates are pre-
juvenile individuals (birth to 15 years) for the 1916, 19300, s g i 1935, and 1943 epidemics of poliomyelitis in and about the
City of New Haven. IThe legends are definedl in Figs. 2 and 3. Fig. 4.
Seasonal distribution of poliom/yelitis. Comparative curves of
the onset and weekly progress of the four epidemics appear in
Fig. 5. In the epidemic outbreaks of 1916 and 1931 the pleak of
incidence in each epidemic, recorded as number of cases per week,
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was reached in both years at the same time, namely, the last half of
July. Thiswas followed by a sharp drop within two to three weeks,
then by an elevated plateau which subsequently declined sharply
during early or mid-September. In 1935 and 1943 ithe peak of each
epidemic was reached in mid-August. The weekly incidence then
fell abruptly for several weeks. In 1935 a second rise in reported
incidence occurred in the second week of September; thereafter the
number of reported cases fell sharply. In 1943 the plateau effect is
noted again, occurring in the first and second weeks of September.
The plateau effect in the New Haven experience has occurred
within a pe-
riood of 3 or
4weeks after
the reported 3
peak of cin-
dence. The I |
meaning of
this second- M
ary increase \A,.\ \
in reported 1 /
incidence is i
not clear. A EM C
known that -
there is a lag
in thereport- FIG. 5. Incidence of poliomyelitis, per week occurring in the 1916.
ing of cases. 1931, 1935, and 1943 epidemics of poliomyelitis in New Havn.
The consistent appearance ofthe secondary rise seems to indicate that
delayed reporting does not account entirely for its occurrence. It
has been recognized7 that the percentage of cases in persons 6 years
and over tends to increase with the progress oftheepidemic. There
is the suggestion that the plateau effect occurring as it does a month
after the peak of incidence may represent secondary cases in an older
population group.
Change in age group attacked. In New Haven about 90 per
cent of cases of poliomyelitis have occurred in individuals under 15
years of age. Some exceptions in other geographical areas have been
reported.4 8, 10 In the past it would seem that older persons were
attacked more often in rural than in urban communities geographi-
cally located in endemic areas. In most urban places infants and
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youngchildren (1 to 10 years) have developed the paralytic form of
poliomyelitis more often than have older children (I0 to 15 years)
and adults. In recent years older individuals (5 to 20 years) living
in cities have been attacked more frequently than heretofore.3' 5, 8
We have studied the age distribution of most of the individuals
attacked bypoliomyelitis in New Haven and adjacent towns for each
of the four epidemic years in survey. A graphic arrangement of
these data appears in Fig. 6. A change has occurred in the age
distribution of those attacked in recent epidemics. In 1943, as com-
pared with 1916, about 25 per cent fewer children under 5 years of
age were reported to have had poliomyelitis. As a reciprocal to the
reduction in
C _ 5 1.) 1916- 148CASES cases in this
w t935-44CASES age group is
4! ' 1935~ 48CASES an increase
4C Is1943-149CASES ' in 1943, as
compared
. 6. Age incidenceofreportedcsesoccumngiwith 1916,
in the num-
ber of per-
sons 10 to 15
10 years of age
reported to
have h-ad po-
- l~~~~~~~~~~~~Iio0m'yel1itis.
AE 0-4 5-9 10-14 15-19 20-24 25+ It would ap-
FIG. 6. Age incidence of reported cases occurring in the 1916, 1931, pear that
1935, and 1943 epidemics of poliomnyelitis in and about New Haven.4 children 5 to
10 years of age have been at-tacked equally in all years; that this is
not so will subsequently be evident.
The secular trend of poliomyelitis in New Haven during the
13-year period (1930-1943) indicates that the disease has attacked
more of the older groups of children (5 to 15 years of age)
than heretofore. This may be seen more lucidly if attack rates are
computed for the age groups at chief risk. These rates have been
determined, and from these data attack rates for age groups from
birth to 5 years and from 10 to 15 years have been expressed as a
percentage ofthe rate found at age 5 to 10 years. These data appear
in table 3.
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It may be seen from these indices that no difference occurred in
the three age groups during the 1916 and 1931 outbreaks of polio-
myelitis. In both outbreaks children less than 5 years of age were
attacked about twice as frequently as children aged 5 to 10 years,
and 5 timesas frequently as children 10 to 15 years ofage. A change
occurred in 1935. During this outbreak morbidity rates in the age
groups, birth to 5 years and 5 to 10 yearswereaboutequal. Further,
older children (10 to 15 years) were attacked more often than
previously, as evidenced by the decrement in ratio for age groups
Oto 5andl 0 to 15 years. In 1916 and 1931 theratio in these age
groups was 5 to 1; in 1935 it was 1.5 to 1. This same trend has
TABLE 3
MORBIDITY RATES FOR POLIOMYELITIS AT AGES 0 TO 5 AND 10 TO 15 EXPRESSED
AS A PERCENTAGE OF THE RATE AT AGE 5 TO 10 IN NEW HAVEN*
Age group (years)
Period 0-4 I 5-9 10-14
1916 189 100 37
1931 185 100 38
1935 96 100 67
1943 108 100 76
*Adjacent towns are not included because the population in specific age groups
was not to be had. We have compared the age distribution for the city and
suburban towns, and with estimates of the number of persons in each age group
there is no striking difference from the New Haven figures.
been observed in the 1943 outbreak. It is clear from these data that
poliomyelitis in New Haven, particularly during the past decade,
has attacked a larger proportion of individuals of from 5 to 15 years
of age than heretofore.
Discussion
When the four epidemics are totaled we find that poliomyelitis
has been distributed widely in the various wards of New Haven.
The morbidity rates in city wards also have been fairly uniform.
During each epidemic, however, a few areas were attacked relatively
more severely than others. With the appearance of a new outbreak
other wards, often adjacent to those which earlier had high rates,
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experienced a high incidence ofpoliomyelitis. The wards which had
the highest attack rates in each epidemic were located on the perim-
eter of the city. Attack rates in adjacent su-burban and rural towns
were generally higher than the mean rate for the city wards; how-
ever, the rates in these towns were of a magnitude similar to those in
peripheral city wards which experienced high morbidity rates.
A change has occurred in the ageincidence rates for poliomyelitis
in New Haven during the period 1931 to 1943. It is possible that
the change has been takingplace over alonger period, forthis change
has been defined for very broad age groups, and undoubtedly the
minutik of change going on over a long period of time has been
missed.
The change in age incidence rates has occurred elsewhere in the
United States3
' and in Sweden,' Denmark,4 and Australia.' In
many places during recent times poliomyelitis has attacked older
children and young adults proportionally more often than hereto-
fore. There are some indications, as maybe seen from data presented
herein, that a generation ago the high attack rates in infants exerted
a "sparing effect" on those between 18 and 20 years of age. On
the other hand, there are areas in this country where the age dis-
tribution attacked by poliomyelitis in recent years is no different than
was the distribution in the outbreaks that occurred forty years ago."
The explanation for the rise in age incidence is not entirely clear.
In part it is due to 'better reporting of non-paralytic cases of polio-
myelitis. Burnet' has pointed out that age mortality rates have
increased with the rise in age incidence rates, and this cannot be
explained through increased recognition of poliomyelitis in these
older age groups. There can be little doubt that inherent in this
-change is an active force of natural immunization or the lack of it.
Summary
1. Comparative studies as to secular trend, the age groups
attacked, and the location of cases 'have been made in four epidemics
of poliomyelitis which occurred in and about the city of New Haven
(1916-1943).
2. It has not been possible to show that a particular section of
thecity oradjacent town has been consistently attacked more severely
during these outbreaks. Areas sometimes adjacent to one with high
'attack rates in an earlierepid'emicbore the'brunt of attack in the next.
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In individual epidemics, however, the wards located on theperiphery
of the city experienced higher attack rates than those more centrally
located.
3. A change has occurred in the age incidence of poliomyelitis
in New Haven. Prior to 1920 children less than 5 years of age were
attacked almost twice as frequently as those aged S to 9, and five
times as often as older children, 10 to 14 years of age. The ratio of
cases in these three age groups in 1935 and in 1943 was 1: 1: 0.7.
4. The seasonal distribution of poliomyelitis during the 4 epi-
demics varied slightly. The peak of reported cases occurred in
August or in September. The secondary rise in reported cases is
commented upon.
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